Abstract: Five types of carbon black nanofillers, namely Intermediate Super-Abrasion Furnace ISAF (N220), High-Abrasion Furnace HAF-LS (N326), Fast Extruding Furnace FEF (N550), General Purpose Furnace GPF (N660) and Semi-Reinforcing Furnace SRF-HS (N774) were incorporated with butadiene acrylonitrile rubber (NBR) in order to improve its physical properties. Young's modulus was found to increase with nanofiller content. Percolation concentration was detected in mechanical as well as in Physico-chemical behavior.
INTRODUCTION
Most commercial polymers may be classified as insulating, having volume resistivities of 10 9 Ohm cm or more. However, their properties are extensively modified, to antistatic (10 4 -10 9 Ohm cm) or conductive (lower than 10 4 Ohm cm), by compounding, with fillers having the largest effect on properties [1, 2] . In many cases, it is beneficial to introduce some level of electrical conductivity into a polymeric material [3, 4] . The highly insulating polymers are susceptible to static build up. This may be a nuisance, attracting dust to the surface, or it may lead to damage of sensitive electronic parts, when manufacturing integrated circuits, for example. Even very low levels of surface conductivity will resolve this problem [5] .
Organic based antistatic additives are available or alternatively conductive fillers such as carbon black, graphite, or metals may be added [5] . Antistatic agents are usually highly polar liquids, which form a surface film that is antistatic in character. This prevents the build-up of electrostatic charges on the surface of the product. This type of additive is normally added to lightcolored compounds, as most carbon-black-filled composites are inherently antistatic [1] ; but the need of a white antistatic properties can be manipulated, which in turn requires an understanding of the controlling physical mechanisms involved [6] .
Rubber nanocomposites have attracted many researchers due to their unique properties. In rubbers, fillers are used to achieve products with improved properties for end use applications. It is well known that for most of the applications, rubber must be reinforced with certain fillers such as carbon blacks (CB), silica, clay and so on. Rubber nanocomposites are prepared through different techniques such as melt mixing, mill mixing, solution mixing, latex stage mixing followed by a cocoagulation method and polymerization around the filler particles. As compared with microfiller-reinforced rubber, nanofiller-reinforced rubber exhibits high hardness, modulus, anti-aging and gas barrier properties. Therefore, the Composites are used in a wide variety of products, from advanced spacecraft to sporting goods to joint implants. Metal doped polymer provides suitable properties for EMI shielding [7] . They are currently being used in various medical procedures and been developed as candidates for different types of sensing applications. The conductive and absorptive properties of insulating polymers doped with conducting fillers and the absorptive properties of unfilled-insulating polymers are sensitive to the exposure of gas vapors. Therefore, they can be used to monitor the existence and concentration of gases in environment [8] .
Energetic ion beams play a vital role in the field of materials science [9] . Ion beam effect on the materials depends on the ion species, energy and influence [10] . The interaction of the ion with material is the deciding factor in the ion beam-induced material modification. Polymer ion implantation may induce irreversible changes in their macroscopic characteristics such as electrical and structural properties and surface related mechanical property. These changes are responsible to fundamental events like electronic excitation, ionization, chain scission and cross links as well as mass loss, which take place due to ion beam implantation. Therefore, the understanding of a certain structural rearrangements influences the properties of the polymeric materials and/or composites opens a way to design devices with required parameters.
The purpose of this study is to prepare five groups of carbon black/NBR nanocomposites loaded up to 100 phr, choose the most sensitive nanocomposite sample among each group; then investigate the effect of oxygen ion beam influence on its mechanical parameters as well as solvent penetration characteristics. Table ( 2).
EXPERIMENTAL MATERIALS

Sample Preparation
Ingredients of the rubber blend were mixed, according to the ASTMD 3182-89, on a two-roll laboratory mill of 170 mm diameter, 300-mm length, the speed of slow roll being 18 rpm and gear ratio 1.4. The ingredients were added in the order as shown in Table ( 1). The compounded rubber was left for 24 
TECHNIQUES OF CHARACTERIZATION Mechanical Measurements
The mechanical test samples were strips of 4 cm working length and of 16 mm 2 initial cross-sectional areas. The strips were cut in the milling direction. The stress-strain measurements were conducted according to ASTM D412-06a
(2013) using a homemade tensile testing machine. The sample was attached to two clamps from both sides and the weight was increased by a gear-motor and detected by a digital balance and elongation was recorded instantaneously from a point then the data was calculated from the following relation
Where Lo (m) and ΔL (m) are the initial length of the sample and the elongation respectively; m (kg) is the applied mass, g (m/s 2 ) is the acceleration due to gravity and A is the crosssectional area in m 2 .
Physico-chemical Measurements
Swelling measurements of the vulcanized samples were carried out using toluene as a solvent. Disc-shaped samples of 0.5cm diameter and 0.2 cm thickness were cut from rubber sheets.
Each sample is weighed by a sensitive balance of 10 -4 g accuracy. The test pieces were immersed in the solvent. The swelling took place in glass bottles, kept at a working temperature of 300 K. Every 60 minutes the test piece is removed and dried by a filter paper and weighed. The degree of swelling Q is calculated from the formula
where mo is the initial mass of the rubber sample and m is the mass of swollen rubber sample. After 24 hours; immersion time, the test piece attained the equilibrium swelling [14, 15] .
Gas Ion Implantation
The polymer samples of circular shape with common size (0.79
were fixed inside the vacuum ended tube with diameter 21 mm. The full length of the accelerating voltage along the evacuated tube was 57 cm. This tube was evacuated several times after refreshing it with oxygen gas to minimize air contamination.
The ignition of microwave (at frequency 2.45 GHz) lunched to quartz gas tube to generate oxygen ion plasma at fixed gas rate flow that was kept at constant pressure about 0.5 torr. After these steps the ions driving high voltage was applied between the two accelerating plates through a charging capacitor C = 0.5 µF and current control resistance of 6 kΩ (As shown in Fig. 1 ). Different researcher studied stress-strain behavior of the polymer composites with different fillers in the recent era [16] .
RESULTS AND DISCUSSION
The nature of deformation of the NBR-carbon rubber composites under an applied load can be understood from the stress-strain curves [17] . 
Young's Modulus
Young's Modulus of the composites is the bulk property that attracted more attention in this area of research [16] , where it is characterizing the rigidity of the materials, calculated as the slope of the linear part of the stress-strain curve, at low strains (20 %) [17] . As shown in Fig.(3) , it is well known that Young's modulus increases for a polymer when we incorporate any reinforcement filler into it. This is reasonable because the ratio of the filler modulus to that of the polymer for all of the various filler-polymer combinations exceeds 30:1 [17] . identified with a percolation threshold [17] .
In this work, we try to apply Pukanszky et al. [18, 19] , where λ is a constant. The quantities ρf , Sf ,and Ei represent the density of filler, the specific surface area of the filler and the Young's modulus of the interphase, respectively. Since it is virtually impossible to provide exact values for the absolute thickness τ and the Young's modulus Ei of the interphase, the parameter B was determined from the experimental data using the following expression [17] , derived from equation (3) Diffusion theory in elastomers [23] is based on the assumption that the swelling starts by the sorption of the liquid at the surface of the sample to a certain concentration equal to that attained by the whole sample at equilibrium; then the swelling proceeds by increasing the depth of the swollen layers. The relation between the average diffusion coefficient, Dav, and the penetration rate, P, is given by [24, 25] :
Where P is given by [22] :
Where, d, is the sample thickness, The increase in weight due to swelling (in toluene) for NBR loaded with the percolation concentration of different carbon blacks is plotted against the square root of time, in minutes. The curves are shown in Fig. (6) . The effective reinforcement in the rubber matrix is evident from this sorption curves [26] . This trend can be explained on the basis of the difference in filler content, structure, as well as the particle size of fillers reinforced to the matrix. For maximum reinforcement, the filler particles must be of the same size or smaller than the macromolecular chain end-to-end distance [27] . The degree of filler reinforcement increases with decrease in particle size or increase in surface area [28] . Bound rubber increases as the surface area of carbon black increases. The ISAF black possesses the lowest particle size compared to other blacks used and hence executes higher degree of reinforcement. This causes a high resistance to the rubber chain relaxation and thus the free volume within the matrix gets reduced, which subsequently restricts the diffusion of penetrants.
The early linearity of our diffusion curve (see Fig. ( Using equations (6) and (7) the penetration rate, P, and the average diffusion coefficient, Dav, were calculated for all samples for different fillers (ISAF, HAF, FEF, GPF, and SRF)
at percolation concentrations and plotted against the particle size as in Fig. (7) From this figure, it is clear that P and D decrease with decreasing carbon black particle size. This decrease might be the result of the physical crosslinking action induced by carbon black aggregates. These aggregates which exist at different plate lamellae and act as screens reduce the penetration rate of the solvent molecules into the bulk of the rubber mixture [29] . Rubber reinforcement caused by the addition of carbon black restricts the equilibrium swelling.
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Swelling Behavior
The swelling process and its kinetics give an idea about the capacity of cross-linked polymer in different liquids and vapor media [30] . However, the interaction of polymeric materials with solvents is an increasing problem from both the academic and technological points of view [31] [32] [33] [34] .
The mass and dimension of polymer or rubber systems may be changed due to the penetration of the solvent into swollen specimen. Therefore swelling process may lead to deformation or destruction of the sample microstructure. When a crosslinked polymer is brought into contact with a solvent, the network absorbs a certain amount of liquid which depends strongly on the molecular weight of this liquid and the degree of cross-linked polymer [35, 36] . It was found that the swelling of carbon black filled-rubbers in organic solvents has a large effect on its electrical properties [37] . 
where, Qm is the degree of maximum swelling and τ is a characteristic time, which depends on the type of carbon black used, as is clearly observed from It is noticed that τ is higher for NBR loaded with 30 phr ISAF and for the rest of samples it increases with increasing of particle size; in other words, the rate of the relative change of swelling, 1/, decreases with the increase of the surface area of carbon black.
Ion Beam Irradiation Induced modifications
Irradiation effects on polymeric material can depend on many factors, such as linear energy transfer (LET), temperature, dose rate, irradiation atmosphere, etc [38] .
Most polymeric materials are normally dielectrics and many of them are good insulators. Many methods such as chemical doping [39, 40] , ion implantation [41, 42] , laser annealing etc.
have been used to alter the polymer properties so that the material becomes conducting. A number of earlier studies [43] [44] have been established that ion implantation increase the conductivity of the polymer.
The aim of this section is to study the changes in the mechanical resistance [46] . There is also evidence that the linear energy transfer for the ions can be related to changes in hardness.
While Pivin stated that the breaking of chains by nuclear collisions has no significant effect on hardening of ion implanted PAN and PIQ [47] [48] .
Young's modulus for carbon black percolative loading NBR before and after O2 ion beam irradiation is illustrated in Table   ( 4) Comparing the results of Young's modulus obtained before irradiation with those after irradiation, one may notes that it increased by nearly 2-3 times by irradiation and NG70 sample is the most affected sample by irradiation. The modulus of a polymer matrix is proportional to the number of crosslinks formed [49, 50] . Since the degree of crosslinking (involving both shorter and longer macromolecular chains) is proportional to the integral radiation dose absorbed by the polymer, an increase in modulus is observed with an increase in radiation dose (as detected by the data of degree of maximum swelling, Qmax, in toluene after ion beam irradiation). 
CONCLUSIONS
From the above results one may summarize: 
